The GTP-binding protein septin 7 is involved in various cellular processes, including 2 cytoskeleton organization, migration and the regulation of cell shape. Septin 7 function in 3 lymphocytes, however, is poorly characterized. Since the intracellular signaling role of septin 7 4 is dependent on its interaction network, interaction proteomics was applied to attain novel 5 knowledge about septin 7 function in hematopoietic cells. Our previous finding of decreased 6 septin 7 expression in blood-derived lymphocytes in ERU, a spontaneous animal model for 7 autoimmune uveitis in man, extended the role of septin 7 to a potential key player in 8 autoimmunity. Here, we revealed novel insights into septin 7 function by identification of 9 DOCK8 as an interaction partner in primary blood-derived lymphocytes. Since DOCK8 is 10 associated with important immune functions, our finding of significantly decreased DOCK8 11 expression and altered DOCK8 interaction network in ERU might explain changes in immune 12 response and shows the contribution of DOCK8 in pathomechanisms of spontaneous 13 autoimmune diseases. Moreover, our analyses revealed insights in DOCK8 function, by 14 identifying the signal transducer ILK as a DOCK8 interactor in lymphocytes. Our finding of 15 the enhanced enrichment of ILK in ERU cases indicates a deviant influence of DOCK8 on inter-16 and intracellular signaling in autoimmune disease.
INTRODUCTION 1
Septins are GTP-binding cytoskeletal proteins involved in various cellular processes, including 2 cytokinesis, membrane dynamics and regulation of cell shape 1,2 . They are highly conserved 3 from yeast to humans. One unique feature of septins is the ability to self-assemble and form RESULTS 1 Detection of DOCK8 as a novel interaction partner of septin 7 2 Since the impact of changes in septin 7 protein levels in lymphocytes is yet to be unraveled, we 3 further characterized septin 7 function by identifying septin 7-interacting partners in PBL of 4 healthy cases with immune precipitation, followed by label-free LC-MS/MS mass 5 spectrometry. A total of 20 septin 7 interacting proteins could be detected in this experiment 6 ( Table 1) . Amongst these, known septin 7 interactors from studies in other models were 7 identified, e.g. septin 2, septin 6 and the small GTPase CDc42 16, 17 . Additionally, we detected 8 10 novel septin 7 interactors in PBL, not described before to our knowledge (Table 1) . 9 One of these interaction partners, dedicator of cytokinesis 8 (DOCK8), regulates various 10 immune functions in lymphocytes [18] [19] [20] . DOCK8 was shown to be involved in immune synapse 11 formation, lymphocyte migration and organization of cell shape 19 . We confirmed DOCK8 in 12 septin 7-immunoprecipitates ( Figure 1B) 21 . In the reverse experiment, immunoprecipitation of 13 DOCK8 also clearly co-precipitated septin 7. DOCK8 as well as septin 7 were not detected in 14 immunoprecipitates of the negative control MALT1 21 ( Figure 1C ). These results point to a 15 protein-protein-interaction of septin 7 and DOCK8.
16
DOCK8 was highly expressed in all lymphocyte subsets 17 To gain further insights in physiological DOCK8 expression pattern, we analyzed DOCK8 18 expression levels in CD4 + T cells, CD8 + T cells and in B cells of horses using flow cytometry.
19
DOCK8 was expressed in all lymphocyte subsets with high intensity (Figure 2 ), which points 20 to similarities across species, because this was also shown in mice and man 18 . The protein level 21 of DOCK8 in B cells was significantly higher as compared to T cells (two-fold; Figure 2 ). This 22 DOCK8 expression pattern was never described in other species, since proteomic data 23 generated in human lymphocytes showed equal expression pattern of DOCK8 in T cells and 1 B cells 22 . 2 DOCK8 expression in lymphocytes was decreased in autoimmune cases 3 Next, we analyzed DOCK8 protein levels in lymphocytes of autoimmune cases to detect 4 possible differences in expression. A highly significant (*** = p ≤ 0.001) decrease of DOCK8 5 expression to 63% (± 28.5% standard deviation (SD)) in ERU compared to healthy controls 6 (100% ± 38.3% SD) was detected by western blot ( Figure 3A+3B ). To exclude possible 7 differences in cellular composition as a reason for different DOCK8 expression, we controlled 8 respective PBL subset proportions in healthy and ERU cases. There was no significant 9 alteration in cellular compositions detectable between control and ERU group ( Figure 3C ).
10
Next, we determined if DOCK8 downregulation was predominant in a lymphocyte subset by 11 analyzing DOCK8 expression in CD4 + and CD8 + T cells as well as in B cells by flow 12 cytometry. DOCK8 was also present in all lymphocyte subsets of ERU cases, but with 13 considerably decreased levels (geo MFI) in all lymphocyte subsets analyzed ( Figure 3D ). In 14 T°cells, differences in DOCK8 protein levels were not significant. In B cells, however, the 15 DOCK8 abundance was significantly (* = p ≤ 0.05) decreased to 57% in PBL of ERU cases, 16 compared to a 100% in healthy controls.
17
Unraveling different modes of DOCK8 action in physiological immune response and 18 autoimmunity 19 Since the functional impact of differential DOCK8 protein levels in autoimmune diseases is 20 unknown, we further investigated potential differences in protein-protein-interaction network 21 of DOCK8 in healthy and autoimmune phenotypes with interaction proteomics. We identified 22 a total of 259 potential DOCK8 interaction partners, that were detectable in all lymphocyte 23 samples analyzed. Interestingly, we could detect remarkable differences in DOCK8-protein 24 enrichment patterns between lymphocytes of healthy and autoimmune case groups. Amongst 1 the 259 interacting proteins, 53 proteins were enriched in both phenotypes, whereas 28 proteins 2 showed enhanced enrichment in lymphocytes of healthy controls and 178 proteins were 3 enriched in lymphocytes of autoimmune cases.
4
To determine whether DOCK8 functions through different signal transduction pathways in 5 controls and diseased cases, we analyzed DOCK8 interaction network for enrichment of 6 canonical pathways with gene ranker in both phenotypes. Interestingly, we found different 7 signaling pathways with enhanced enrichment in control lymphocytes and in ERU cases (Table   8 2; Table 3 ). In PBL of healthy controls, the pathways "ARP2 Actin Related Protein 2 9 Homolog", "Small GTP-binding Protein RAC" and "Myosin light chain kinase" were enriched 10 (Table 2) . This differed in lymphocytes of ERU cases, where only the pathway "ARP2 Actin 11 Related Protein 2 Homolog" was concurrently enriched (Table 3) . Then the two signaling 12 pathways "Integrin" and "Cofilin" were among the top 3 DOCK8-interacting signaling 13 pathways enriched in PBL of autoimmune cases (Table 3 ). Since proteins comprised in integrin 14 signaling pathway are associated with a wide range of important immune functions, as cell 15 migration or survival, we were especially interested in the role of DOCK8-interactors 16 associated to integrin signaling. This revealed proteins, as talin 1 and integrin-linked kinase 17 (ILK) ( Table 3) , which we previously found involved in inflammatory processes in ERU 18 cases 23,24 . 20 Since the role of ILK in autoimmunity is yet to be unraveled, we further characterized the role 21 of ILK in PBL of controls and autoimmune cases. Due to its crucial involvement in signal 22 transduction, chemotaxis and regulation of cell survival 25 , ILK represents a potential key player 23 in ERU. In DOCK8-precipitates, ILK could clearly be detected and in the reverse experiment 24 DOCK8 was also co-precipitated in ILK-precipitate, clearly verifying the protein-protein interaction of both candidates ( Figure 4 ). By comparing ILK protein levels in lymphocytes of 1 healthy and ERU cases, we detected a significant increase of ILK protein expression in PBL of 2 diseased specimen ( Figure 5A ). 3 Lymphocytes with increased ILK expression have higher survival rate 4 Since ILK was shown to be essential for various cellular functions including the regulation of 5 survival in murine lymphocytes 25 , we hypothesized that increased expression intensity of ILK 6 in spontaneous autoimmune cases might result in a higher survival rate of respective 7 lymphocytes. This could affect immune tolerance and provoke autoaggressive immune 8 reaction. Therefore, we investigated apoptotic rates of lymphocytes of healthy and autoimmune 9 cases, showing a constitutive differential ILK expression level. Increased ILK protein level in 10 lymphocytes of diseased specimen coincided with a significantly (** = p ≤ 0.01) reduced 11 apoptosis rate of these cells ( Figure 5B ). Whereas PBL of control cases had an average 12 apoptosis rate of 50.6% ± 10.8% SD; apoptosis rate of autoimmune cases was only 13 29.7% ± 5.8% SD. Necrosis of lymphocytes was equally low in both phenotypes (< 1%) 14 ( Figure 5C ). The aim of our study was to extend the knowledge about the role of septin 7 in lymphocytes 2 and in the context of a spontaneous autoimmune disease. We previously observed decreased 3 levels of septin 7 in lymphocytes isolated from ERU cases 7 . Since functional impact of reduced 4 septin 7 levels in lymphocytes and, more generally, in horse cells, was unknown, we chose a 5 protein-protein interaction screening approach to identify proteins potentially relevant for 6 signal transduction pathways triggered by septin 7. We identified a total of 20 septin 7 7 interacting proteins from primary PBL. Nine of these proteins were previously suggested as 8 septin 7 interactors ( Supplementary Table S1 ), however identified mostly in yeast cells using 9 septin 7 plasmid-driven overexpression 26 . Since our approach based on immunoprecipitation 10 from native cells, the confirmation of previously described interactors suggests similar core 11 units of the septin interactome across cell types and species. Among those reconfirmed septin 7 12 interactors were proteins shown to be involved in cytokinesis and cell migration in other 13 models, e.g. septin 2 and septin 6 11,26 (Table 1) . 14 Furthermore, we detected 10 proteins interacting with septin 7 in lymphocytes, which were 15 previously unknown. Amongst those, especially the identification of DOCK8 as a novel 16 septin 7 interaction partner was a promising finding that could help to elucidate 17 pathomechanisms in autoimmune diseases in our opinion. Like septin 7, DOCK8 is involved in 18 the organization of actin cytoskeleton and regulates the structural integrity during immune cell 19 trafficking 19,21 . In particular, DOCK8 guanine nucleotide exchange factor (GEF) activity for 20 CDC42 was shown to be essential for T cell receptor driven actin assembly 21 . Interestingly,
19

Enhanced expression of ILK, a novel DOCK8 interaction partner in autoimmune cases
21
CDC42 is a shared interactor of both DOCK8 and septin 7 17,27,28 , which we also confirmed by 22 co-immunprecipitation following by mass spectrometry (interaction with septin 7 shown in 23 Table 1 , DOCK8-interaction data not shown). This molecule might represent a key driver that 24 mediates the protein-protein-interaction and consequently takes an essential part in cell 1 signaling, involving septin 7 and DOCK8.
2 Similar to septin 7 7 , DOCK8 levels were reduced in lymphocytes of ERU cases ( Figure 3 phenotypes and in general, more interacting proteins were identified from autoimmune PBL 23 (178 interaction partners), we hypothesized that DOCK8 contributes to a deviant inter-and 24 intracellular signaling in disease, resulting in changed immune response. Thus, we focused on 25 differences in signaling pathways driven by DOCK8 and revealed changes in integrin signaling, 1 which were associated with autoimmunity (Table 3 ). Proteins comprised in integrin pathway as 2 talin 1 and integrin-linked kinase (ILK) ( Table 3) Equine venous blood samples were collected in tubes filled with heparin sodium 25.000 I.U.
23
(Ratiopharm, Ulm, Germany) diluted in RPMI (PanBiotech, Aidenbach, Germany). PBL from Heidelberg, Germany; 6 µg/ml) diluted in IP-buffer or respective isotype controls were used.
13
Lysates were added to beads and incubated on a tube rotator over night at 4°C. Beads were 14 washed with IP-lysis-buffer before immunoprecipitates were eluted by adding Laemmli-buffer. 16 Laemmli eluates were diluted in TBS 1:4 and 10 µl 100 mM dithiothreitol was added for 30 min verifying an interaction between these two proteins. In respective isotype controls (rb IgG; 6 mIgG) and blank (IP buffer), neither ILK nor DOCK8 was detected. DOCK8-interacting proteins enriched in ERU PBL (≥ 2 peptide counts; enrichment factor ≥ 4) 10 analyzed by Genomatix (version 3.7).
15
Sample preparation for LC-MS/MS mass spectrometry
